Background: Treatment of adult spinal deformity (ASD) in elderly patients remains controversial. The aim of this study was to identify the factors leading to the surgical treatment by comparing the baseline characteristics of operative versus nonoperative patients, to evaluate the safety and efficacy of surgery, and to compare operative and nonoperative management of elderly ASD patients at the end of the 2-year follow-up period.
INTRODUCTION
The growth of the aging population and longer life expectancy and the increased awareness of quality-of-life issues have made adult spinal deformity (ASD) a significant health care concern.
1 The ASD population is indeed reasonably heterogeneous at presentation and should better be evaluated in different age-groups and possibly diagnosis. 2 Although the patients characteristically present with pain and disability, first-line management for symptomatic ASD without a progressive neurological deficit typically involves nonoperative treatment options, such as physical therapy, steroid injections, nonsteroidal anti-inflammatory drugs, and narcotic analgesics, to avoid the potential morbidity of an extensive surgical intervention. 3, 4 However, a group of patients with progressive pain, disability, and neurological problems warrant a decision on surgical treatment. [4] [5] [6] [7] When compared with nonoperative treatment strategies, surgery provides significant symptom relief but with reported complication rates * These authors contributed equally to this work.
ranging from 10% to more than 80%. 4, 5, [7] [8] [9] Therefore, a substantial proportion of operated patients may not potentially benefit from surgery regardless of the recent technical advances in ASD surgery. 5, 7, 10 Estimating the effects of complications on the outcomes of treatment in ASD, primarily for surgical therapy in the elderly population, remains a significant challenge. This challenge has the potential of skewing decision making, mainly because of the perceptions that this group of patients is more prone to complications, because complications severely affect the outcomes negatively, and because these patients do not benefit from the surgical treatment anyway. Surgery-related factors, such as blood loss, surgical time, length of hospital stay, and length of overall recovery, as well as complication rates, may be reasonably high in these patients. 11 Analyzing the results of surgery in elderly patients reveals that the complication rates are indeed higher when compared to their younger counterparts and alternative treatment modalities. [12] [13] [14] In addition, more than 30% of these surgically treated elderly patients may require revision surgery within 5 years following the index procedure.
11
Several recent papers have particularly reported on the effects of complications on treatment outcomes in such groups of patients. Daubs et al 12 have investigated the complications and outcomes of 46 patients over the age of 60 who underwent thoracic or lumbar arthrodesis of 5 or more levels with a mean follow-up of 4.2 years. They concluded that the overall complication rate in this patient population was 37% (with a major complication rate of 20%), and patients over the age of 69 years had yet higher complication rates. In spite of this, clinical outcomes at final follow-up were significantly improved in Oswestry Disability Index (ODI) scores. Likewise, a study by the European Spine Study Group focusing on spinal osteotomies in ASD patients has demonstrated that complications do not necessarily affect the clinical outcomes in this subpopulation of patients who had undergone osteotomies. 15 On the other hand, Glassman et al, 16 reporting on the effect of treatment complication on 46 adult deformity patients undergoing surgery, demonstrated that major complications have adversely affected the outcome, as evidenced by the SF-12 general health scores at 1 year followup. In another study, Scheer et al 14 have investigated the effect of complications on the recovery of patients using an integrated health score and concluded that there was a significantly protracted mental recovery phase associated with patients who had at least 1 complication as well as either a minor and a major complication. The addition of a reoperation also adversely affected the mental recovery as well as overall satisfaction. Finally, Sciubba et al 17 have focused explicitly on patients with ASD over 75 years and have demonstrated that surgery could provide significant improvements in pain and disability over a 2-year period. Furthermore, when compared to the nonoperative cohort of elderly patients managed over a similar period, surgical patients had significantly improved healthrelated quality-of-life (HRQOL) measurements over baseline values. Also, operative patients were more likely to reach minimal minimum clinically important difference (MCID) than nonoperative patients. Based on this literature background, there is still insufficient evidence to draw general conclusions in patients with ASD over 70 years of age.
This study aims to do the following:
Identify the factors leading to the surgical treatment by comparing the baseline characteristics of operative versus nonoperative patients with adult spinal deformity over 70 years of age Evaluate the safety of surgical treatment by analyzing the rate and severity of complications Compare the HRQOL-based clinical results of operative and nonoperative management of patients (surgical patients further stratified by the presence or absence of complications) at the 2-year follow-up
METHODS
A retrospective review of prospectively collected data from a multicenter database on ASD was performed. The inclusion criteria into the database were age . 18 years and scoliosis . 208, or sagittal vertical axis (SVA) . 5 cm, or pelvic tilt . 258, or thoracic kyphosis . 608. All patients were enrolled into an institutional review board-approved protocol by the respective sites. Specifically, for the present study, consecutive patients over 70 years of age with spinal deformities who were scheduled to undergo surgical treatment and who were treated and/or followed without surgical intervention were included. Demographic (age, gender, comorbidi-ties, and body mass index), clinical, surgical (Adult Deformity Surgery Complexity Index, 18 In addition, MCID values from literature, that is, for ODI (À15), SF-36 PCS (þ5.2), COMI (À2.2), and SRS-22 (0.4), were also taken into consideration to allow for the heterogeneity of our population. 2, 17, 19, [22] [23] [24] [25] Indications for surgery were up to the discretion and decision of the treating physician but mainly the presence of neurological deterioration, rigid coronal and/or sagittal deformity, or progressive pain and disability. Peri-and postoperative complications, classified as major (life threatening or requiring additional surgery) or minor, were also investigated for their effects on HRQOL parameters at 2-year follow-up. Although the treatment of the nonoperative group was heterogeneous, this group was followed up in the same manner as dictated by the database rules for surgical patients of institutions included in the study.
Statistical Analysis
Demographical, clinical, radiological, and surgical variables, as well as HRQOL parameters, were set as independent variables for the t test, chi-square test, and the multivariate binary logistic regression model, adjusted receiver operating characteristic (ROC) analysis, and analysis of variance (ANOVA) as appropriate.
To compare operative and the nonoperative groups at baseline, the t test was used for continuous independent variables, and the chisquare test was used for categorical variables. The type I error rate was taken as a ¼ 0.05 for statistical significance.
To measure the influence of the demographic, clinical, radiological, and HRQOL measurements on operative and nonoperative groups of patients at baseline, univariate analyses from first step were used to select the candidate variables to be defined as the dependent variable. The type I error rate was taken as a ¼ 0.25 for statistical significance for candidate variables. A stepwise method was used for model selection. For the final step, type I error rate was again taken as a ¼ 0.05.
For the scales that had been defined as statistically significant following multivariate binary logistic regression analysis, retrospective cutoff points were determined as the predictors of why the patient had gone to the operative or nonoperative group. An adjusted ROC estimation was used to get optimal cutoffs based on the results of the multivariate logistic regression analysis. Two-way mixed ANOVA was used to compare the surgically treated patients with or without complications and the nonoperative group by the difference between baseline and second-year HRQOL measurement changes.
The influence of surgical complexity on HRQOL parameters and complications were statistically analyzed by using the Spearman correlation coefficient and point-biserial correlation, respectively.
All statistical analysis was performed using the SPSS Statistics version 21.0 software (IBM Corp., Armonk, New York).
RESULTS
At the time of this study, our database had a total of 181 patients (females: 151, males: 30) for operative (n ¼ 85) and nonoperative (n ¼ 96) groups over 70 years of age. Of these, 90 patients (females: 71, males: 19; operative: 61 [72%], nonoperative: 29 [30%]) had 2-year follow-up.
Demographic, clinical, radiological, and HRQOL parameters of these patients are summarized in Tables 1 and 2 . Comparison between operative and nonoperative groups at baseline showed statistically significant differences for all the HRQOL parameAdult Spinal Deformity Over 70 Years of Age ters, leg pain, and only for coronal radiological variables (major coronal curve Cobb angle, SRSSchwab coronal curve type) (Tables 1 and 2) .
Multivariate logistic regression analyses for the effects of HRQOL measurements at baseline on the decision for surgery are presented in Table 3 . All HRQOL measures were found to significantly affect this decision with odds ratios of 1.618, 1.042, 0.968, 0.942, and 0.332 for COMI, ODI, SF-36 MCS, SF-36 PCS, and SRS-22, respectively. Calculated optimal cutoff values for HRQOL parameters to differentiate between operative and nonoperative groups were 5.68 for COMI, 37.00 for ODI, 37.46 for SF-36 PCS, and 3.17 for SRS-22 ( Table 4) .
The characteristics of 61 (females: 46, males: 15) surgically treated patients with 2 year follow-up and a summary of the surgical features are summarized in Table 5 . All patients were treated with posterior surgery. A total of 39 osteotomies and 24 interbody fusions were performed in order (or attempting) to achieve an adequate amount of correction for an acceptable coronal and/or sagittal balance. Overall, 135 complications (71 major, 64 minor) in 47 patients (77%) and 1 death were observed (1.63%) ( Table 6 ). The reoperation rate was calculated as 62.3% (38/61) at the end of 2-year follow-up period. No statistically significant correlation between the complexity of surgery and complications was found (P . .05) ( Table 7) . Table 8 summarizes the effect of treatment on HRQOL parameters, including a separate setting of these patients with complications, at baseline, and 2 years after the treatment, with patients grouped as ''operative without complications,'' ''operative with complications,'' and ''nonoperative.'' For all HRQOL measurements except SF-36 MCS, surgically treated patients significantly improved by means of HRQOL parameters 2 years after the surgery even in the presence of complications (P , .05), and the nonoperative patients did not change or significantly deteriorated at the end of 2 years (latter for ODI) (P , .05) ( Figure 1A-E) . On the other hand, HRQOL parameters were not influenced by the complexity of ASD surgery (P . .05) ( Table 7) .
DISCUSSION
This study perfectly demonstrates that the clinical outcomes of the patients treated surgically after a 2-year follow-up period, even in the presence of complications, were better than those followed up without surgical treatment. Certainly, the comparison of the results of the heterogeneous structure of the overall ASD population and further attempts for a comparison of the results of 2 statistically different groups can lead to criticism of the interpretation of the obtained data. Although we earlier mentioned that ''the indications for surgery were up to the discretion and the decision of the treating physician and the patient,'' a reality is the fact that the parameters causing the statistical difference between the baseline values of the 2 groups were among the main factors for such a decision. Factors that may be effective in providing the surgical decision in the patient population from the database of the study were provided from a retrospective analysis of a multicenter database. The improvement of HRQOL parameters at the end of 2 years and their comparison with the baseline values of the very same patients when the surgically treated group is the case, as well as and the further steadiness or mild improvement of the similar data for those who were not surgically treated when the same comparison was performed, clearly demonstrate that the decision-making mechanism worked correctly, and the results of the study would contribute to the existing literature. In depth, this study analyzed the HRQOL cutoff levels for the decision of surgery as well as the surgical complications and their effects on HRQOL in a population of ASD patients older than 70 years of age treated surgically or nonsurgically with a 2-year follow-up. Our results suggest that it is possible to define specific cutoff points in all HRQOL measures except SF-36 MCS with strong statistical significance. Further, despite being prone to a high risk of complications (47 patients with 135 complications out of 61 patients, or 77.05%), surgery yielded better chances of improvement (again, except for SF-36 MCS) even in the patient group that sustained complications at the end of 2-year follow-up period.
This study is not the first to address the challenge of performing spinal deformity surgery in elderly adults. Scuibba et al 17 have recently published the results of ASD patients over 75 years of age who had had surgical treatment. The findings of our study are similar to theirs in that their study has also demonstrated that surgery was more likely to achieve detectable improvements despite a similarly high complication rate (9 patients with 24 complications out of 12 surgical patients, or 75%). On the other hand, our study is unique in being by far the largest reporting on this age-group and in further analyzing the potential HRQOL parameter cutoff points. Specific analyses of these are essential for understanding the factors that contribute to decision making in the treatment of ASD in this somewhat extreme population.
It is intuitive to think that the decision for surgery would be affected by the HRQOL of the patients, and our findings have reiterated this (Table 3) . On the Table 3 . Multivariate logistic regression results for health-related quality-of-life (HRQOL) parameters. For each HRQOL parameter, the parameter itself at baseline was entered as the primary variable, whereas the secondary variables consisted of the magnitude of the thoracolumbar curve at baseline (as the strongest correlate) and a statistical constant (not shown at the (Table 4) . At the time this analysis was started, the authors had indeed hypothesized that this might have been plausible for only SRS-22; that is, the test may be considered as being not necessarily specific for disability, as it measures appearance and self-perception along with impairment and pain, theoretically minor concerns over 70 years of age. Therefore, SRS-22 may not be the appropriate HRQOL parameter to assess function in this agegroup. It thus appears that this hypothesis has been wrong. In terms of discriminating surgical patients, SRS-22 is now proven to be as useful as the other measures of (physical) impairment. Then and again, how can we explain the relatively low impairment levels as surgical cutoff points? Two potential (and probable) reasons may be stated. First, the cutoff value levels may not be as low as we think they are. Similar values have not been investigated and defined in the general ASD population or any other age subgroups within that population, so these values may be pretty much consistent with the similar values for these populations. As our improvement rates and knowledge base from other studies 9 suggest, there is probably no reason to think that decision making in older patients need be substantially different. Second, this group of patients (and kin) may even be more sensitive to functional impairment than the other agegroups because of social factors (loss of partner, risk of institutionalization) and medical factors (increased number of comorbidities, a heavier burden of life) and therefore may be more prone to elect surgical treatment, even at relatively low impairment levels. 25 Finally, we have to emphasize that this very decision relies not solely on the patients (and kin) but also on the discretion and advice provided by the physicians and surgeons involved in the management of these patients. In this respect, the physicians and surgeons involved in this study might have had lower disability threshold levels. As can be expected, elderly patients are prone to have complications with surgical treatment. This study revealed 135 complications (71 major, 64 minor) in 47 patients (77%) and 1 death (1.63%) in the group of 61 patients who had surgical treatment with 2 year follow-up. There is no doubt that these rates are high and may as well be instrumental in supporting the hypothesis of ''this type of surgery in this population is too risky to be justified.'' Seen from a different perspective, though, our demonstrated rate of complications in this elderly population is not much higher than what has recently been reported for the general ASD population by others. 10 We may also need to consider that data on the complication rates about conservative treatment as well as normative data on adverse events for this population within these specific age limits are not available. Retrospective data from our database (as well as other, similar databases) may be very accurate in registering the complications and adverse events in surgical patients but are probably not so for these treated conservatively (or not treated at all). Therefore, we do not necessarily have a basis for comparison for the likelihood of complications, even for mortality for other treatment options. It is also important to note that Table 8 . Changes in health-related quality-of-life (HRQOL) parameters from baseline to second-year time points for ''operative group with complications,'' ''operative group without complications,'' and ''nonoperative group.'' Corresponding schematics of change in scores over 2 years can be seen in Figure 1a- despite a relatively high complication rate, the surgical patients in this cohort had clinically relevant improvements in their HRQOL measures compared the preoperative baseline levels of the same patient. Moreover, no influence of surgical complexity on complications and HRQOL parameters was detected (Table 7) . Based on these, it would be reasonable to think that surgical treatment of ASD appears to be a very reasonable alternative for patients in whom such surgery is indicated. This being said, it is essential to understand that our results should not necessarily be interpreted as a basis of justification for surgery in each and every elderly person with ASD. Based on their disability and comfort levels, many elderly patients with ASD probably do not require any treatment at all. These patients may not be seeking medical services because of their deformities and hence may not be adequately represented in our as well as similar database(s), but it is clear that these people do not need surgery. On the other extreme, some patients may be too sick to justify recommending a surgery of this magnitude as well. We are not able to identify these patients with a high enough accuracy at this point in time, but as the data from similar studies on elderly community accumulate in the future, clear guidelines on risk stratification and justification of surgery will be available.
We would also like to iterate that although the differences in many preoperative parameters between operative and nonoperative groups' scores appear to be significant, there is also considerable overlap of these populations due to the retrospective nature of this study, which is one of the major limitations. It may be because of this that the specificity of the cutoff values was not what might be called as ideal. Similarly, there are shortages of follow-up of nonoperative patients, an overlap in outcome scores between operative and nonoperative scores, small differences in outcomes between ''operative with complications'' and ''nonoperative'' treatment, and a quite high complication rate. Based on this, as also emphasized above, active efforts in decreasing the complication rates in ASD surgery may be warranted so as to increase the positive impact of surgery on HRQOL.
Therefore, the findings of this study should be interpreted as evidence supporting surgical treatment of ASD in a selected ASD population in which both the treating physicians and the patients themselves had collectively decided that such a treatment was justified. And, once the decision is made, the likelihood of clinical improvement is worth mentioning for the aged population of ASD patients.
CONCLUSIONS
This study has retrospectively evaluated an ASD database and found the decisive factors leading to surgical treatment in patients over 70 years of age. Moreover, the safety and efficacy of surgical treatment modalities were assessed in the same patient population, and the results demonstrate that despite a relatively high incidence of complications (135 complications in 47 patients [77%] and 1 death [1.63%] in 61 surgical patients), the likelihood of achieving relevant HRQOL improvement was significantly superior for patients who were treated surgically in the present population. Therefore, the findings of this study should be interpreted as evidence supporting surgical treatment of ASD in a selected population in which both the treating physicians and the patients themselves had collectively decided that such a treatment was justified.
